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ABSTRACT

Background: An early diagnosis of breast cancer relates directly to an
accurate treatment plan and strategy. Early detection of breast cancer before
its development would be a significant reduction of morbidity and mortality
rates. The aim of this preliminary study is to investigate the sensitivity of
Wide Angle X-ray diffraction (WAXRD) method on women hair samples of
healthy and breast cancer patients in comparison with other modalities such
as synchrotron based XRD beam and mammography. Materials and
Methods: Hair samples were taken from occipital region of skull from healthy
and breast cancer patients (43 women) were analyzed using X-ray diffraction
and the results were analyzed and compared with mammography and
pathology reports. Results: The results of analyzed samples showed the
sensitivity for purposed WAXRD method was 86% in comparison with
synchrotron based XRD beam (64%) and also with mammography (70%).
Conclusion: This non-invasive method is less harmful and is more sensitive
than the two other methods and help the physicians for choosing accurate
treatment plan.
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INTRODUCTION

Early diagnosis of breast cancer is important
for making decision on proper treatment
planning. Because of high and also increasing
worldwide morbidity and mortality rates of
breast cancer (1-3), there are many researchers
who interested in diagnosis and treatment of
this type of neoplasm. Since the cure rate of
cancer is highly dependent on stage of the
disease, early detection of disorder is an
important subject to choose an effective
treatment strategy. To obtain an accurate and
also proper treatment plan and strategy, there is
strong need for reliable and also early diagnosis
methods. The usual methods for detection of
breast cancer after physical examination are
mammography; which is gold standard,
magnetic resonance imaging (MRI) and

ultrasound G 4). Since detection of dense breasts
is difficult in mammography(®), the radiographer
and also the physician should be proficient (©.
The sensitivity for mammography is about 70
percent, and for definite diagnosis of cancer
there is a need of pathology and biopsy
confirmation. It seems that a simple, less
dangerous and safe method with high sensitivity
could be initiated and implemented.

There are many methods for studying human
tissue as an indicator of breast cancer such as
molecular structure, protein crystallography or
biomarkers evaluation (7 8). Diffraction effect
produces a characteristic scattering pattern of
the tissue which has been irradiated. This
signature is dependent upon the molecular
composition of the target and hence could be
used to characterize the tissue (8-10),

James et al. 11) presented a method using
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synchrotron based X-Ray diffraction (XRD)
which produced diffraction patterns of hair and
showed a good correlation between healthy
state of hair samples and related pattern.
Saengkaew et al. (12) presented an analysis of
human-hair microstructures by wide-angle X-
ray diffractions (WAXRD) and small-angle X-ray
scattering (SAXS). In another study, Corino et al.
(13) made a research with a special sample holder
and get the related results between molecular
structure of hair and presence of disease. They
reported that synchrotron-derived X-ray
diffraction has the potential ability to provide a
non-invasive method to show the presence of
breast cancer (13).

Several studies by other researchers
confirmed an association between the XRD hair
patterns and the presence of breast cancer (14).
Limitations including of the complexity of
interpretation the data and lack of
synchrotron based on X-ray diffraction
apparatus in all medical experiments centers,
caused evaluation of XRD patterns using a
facility other than synchrotron. For this reason,
investigation of changes in diffraction pattern of
hair samples of healthy and breast cancer
patients using Wide Angle X-ray Diffraction
(WAXRD) was proposed. At the end, advantages
and disadvantages of the purposed method
against previous synchrotron based method and
mammography was investigated.

MATERIALS AND METHODS

In this study, hair samples of 43 women
(including 14 healthy, 17 patient and 12
suspicious) individuals in four cancer treatment
centers of Tehran hospitals were used. Healthy
individuals were women those physical
examinations and mammography reported as
healthy, and cancer cases were those patients
that had positive physical examination,
mammography and also pathology reports. The
suspicious individuals whom mammography
reports were reported normal but the clinical
evidences and examinations were suspicious.

All the sample donors were Iranian with
Arian origin and with the age between 33-75
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years old with average of 51.3 + 11.5 years. The
hair samples obtained from women who had no
colored hair for 6 weeks or more and hair
samples of cancer cases were collected from
patients who had not delivered chemotherapy
and medicine therapy. Hairs were cut from
occipital region of skull and taking through
sample preparation method introduced by the
International Atomic Energy Association (IAEA)
(15), In order to cleaning of samples from any
kind of external contamination, coded samples
were taking washing method with ethanol and
distilled water for three times and then dried in
oven about 30 minutes at 80 °C temperature.
Then, the samples were cut with surgical
stainless steel scissors into fine pieces about 2
mm and using a mortar the samples became
powdered and drying in oven for about 10 hours
at an 80 °C temperature (16),

Wide Angle X-Ray Diffraction (WAXRD) was
used as measurement method. The procedure of
sample preparation was as follow. The amount
of 0.4 g of each powdered sample filled in special
sample holders of XRD measuring system with
10 x 10 mm? exposure window and measured
with X’ Pert Pro MPD (PANalytical Inc,
Netherlands) XRD system with copper anode in
40 kV and 40 mA at 25 °C temperature. The
detector was high resolution Germanium (Ge)
semiconductor  PIXcel = (PANalytical Inc,
Netherlands) detector. Starting and ending
positions of each exposure were 2.02 and 89.97
degrees, respectively with 0.02¢ step size and 48
seconds step scan time. The proportional curves
in intensity (counts) versus 26 (exposure angle)
were drawn and studied.

The WAXRD results of coded hair samples
were analyzed by XRD experts. These
results were matched with donors’ health state
data. The results of healthy and cancer patient
groups were compared with mammography and
also pathology reports and based on the results,
the sensitivity of the method versus
mammography were also evaluated.

XRD curve of healthy and also breast cancer
patients were proceed and statistics parameters
such as mean and standard deviation values of
peak heights (counts) and peak positions (0)
were analyzed with IBM SPSS (version 22.0,
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2013) software.

To show normal distribution of data,
Shapiro-Wilk test was used. Students’ t-test and
non-parametric statistical tests were used to
compare the data. To check the assumption of
correlation data were used Pearson correlation
coefficient was used to show correlation of data.
P value <0.05 was considered as significant
level.
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An example of X-ray diffraction pattern of
healthy woman hairs and hairs from patient with
breast cancer is shown in figure 1. As this figure
shows, two distinguishable peaks with different
heights (counts) are presented. Also, diffraction
pattern of normal human hair and hair from a
patient with breast cancer using synchrotron
beam XRD method is shown in figure 2.
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Figure 1. Examples of X-ray diffraction pattern of healthy human hairs (a) and hairs from patient with breast cancer (b) which
showing two distinguishable peaks but in different heights (counts).

19th order G

Figure 2. Diffraction pattern of (A) normal human hair and (B) hair from a patient with breast cancer using synchrotron beam
XRD. The diffuse ring that has shown in (B) indicates the presence of tumor.

RESULTS

Results of WAXRD experiment of hair
samples belong to healthy and breast cancer
patients are shown in figure 3. As it seen, 1st and
2nd peaks height of breast cancer patients which
are shown in counts (height) is more than
counts related to healthy samples. So, X-ray
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diffraction patterns of hair from breast cancer
patients have more intensity than that of normal.

Figure 3 also demonstrates the comparison
between healthy and cancer patients. In
addition, in each group, the results were
compared with mammography and also
pathology report of each individual and they are
shown in table 1.
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Figure 3. Comparison charts of normal (N) and breast cancer patients (P) for 1% peak (a) and 2™ peak (b).

Table 1. Comparison of obtained results and their sensitivities of different studied groups among three methods of WAXRD,
mammography and pathology.

# WAXRD Mammography Pathology .
Sensitivity
p* N** P N P N
Healthy 14 2 12 - 14 - 14 85.7
Suspicious 12 9 3 7 5 9 3 58.3
Cancer 17 17 - 17 - 17 - 100
Total 43

Note: *Patient, **Normal

DISCUSSION

This study was performed to evaluate the
efficiency of WAXRD in detection of breast
cancer as a safe and non-invasive method. In
addition, comparing the results of pathology as
gold standard and mammography in detecting
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breast cancer with changes in hair structure
using WAXRD method were considered.

In this study, the average age of 43
women was 51.3 = 11.5, which is less than

screening populations (16), Since in
mammography there is radiation hazards to
patients, and the sensitivity of
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mammography is decreases with increase of age
(16),  the goal of this study was to
determine if differences between XRD curve of
healthy =~ women and breast  cancer
patients can lead to early detection of breast
cancer or prediction of disease without radiation
hazards or not.

In this research, the difference between XRD
curve of healthy and cancer patients were
studied and compared. As figure 1 showed,
there are two separate and distinguishable
peaks in 9.8 A and 4.4 A which reflects
d-spacing of hair structure. These data were
compatible with those obtained by previous
study using synchrotron source which, rings
related to d-spacing of hair structure have been
reported (>13). But, as shown in figure 3, there
was an additional ring reflects 4.7 nm d-spacing
in cancer patients (12 14), The 9.8 A reflection d-
spacing refers to structure pattern of the alpha-
helix diameter and the 4.4 A reflection is
referring to the periodic distance of the 3.6-
alpha-helix structure (18).

As it is shown in figure 3, the overall height of
1st and also 2nd peak in patient group is higher
than that of normal women and difference in the
height means of two group for 1st peak is
significant (P<0.05). Of the first 17 bars of
patient related bars in figure 3-a, 15 of them has
greater height in comparison with healthy
individuals. Hence, it can be assumed that
presence of disease can make differences in hair
structure, especially the molecular structure of
alpha-helix (18). For mean of 2nd peak height in
the two examined groups, the difference was not
significant (P<0.05).

The results in table 1 indicated that WAXRD
could provide a proper diagnostic test for
patient with breast cancer. In addition, in two
groups of suspicious and cancer, the results
were completely the same as results of WAXRD
and pathology reports. In cancer group, the
results were the same among all three studied
methods. In comparison between results of
WAXRD and pathology, the detection rate of
breast cancer by WAXRD was 60.4%. Also,
sensitivity of approximately 86% was achieved.
The results obtained here were more accurate
than those reported by Corino et al. (64%) (©.
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When comparing the age of donors with
results of the method, there was no correlation
between age and average height 1st peak of
WAXRD. This result is against the results which
reported by Corino et al. (17). It can be duo to
less number of samples that were tested in this
work.

Comparing with mammography, the total
procedure time, includes sample preparation;
XRD examination time and the curve
interpretation, were taking about 48 hours
which is longer than mammography. From
expense point of view, it was clear that the
price of XRD procedure is half of that for
mammography. As it is shown in table 1, the
sensitivity of XRD (86%) was higher than that
of mammography (64%).

Therefore, identification of breast cancer at
an early stage, using XRD technique may be
provided an alternative early low-cost, without
radiation hazards, non-invasive and more
sensitive method. Ultimately, there are look
promising in detecting breast cancer by XRD
method.

Of course, further study should be done to
examine more hair samples of breast cancer
patients. In addition, the need to provide more
experiments is of utmost importance. In
conclusion, the findings of this work may be
open a new era to investigate whether WAXRD
or other modalities such as mammography and
also synchrotron based methods are useful to
diagnosis of early stages of breast cancer
patients.
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